Six hybridoma cell lines, each of which produced a monoclonal antibody (MAb) 
In 1973, after more than 50 years without any known cases of domestically acquired cholera, a case of cholera for which no source could be identified occurred in Port Lavaca on the Texas Gulf Coast (53) . In 1978, 11 people infected with Vibrio cholerae O1 were identified in south Louisiana; this was traced to ingestion of insufficiently cooked crabs which were trapped in marshes in the Gulf of Mexico (5) . Both the Texas and Louisiana V. cholerae strains were identified as biotype El Tor, serovar Inaba. Because each isolate was strongly hemolytic and because each one possessed the same unique phage sensitivity pattern and cholera toxin gene sequence (30) , it was suggested that these organisms persisted in the coast of the Gulf of Mexico during the intervening 5 years and more infections should be anticipated. For an undetermined period in September 1981 on a Texas ou rig, unchlorinated fresh drinking water was contaminated by sewage, and 17 cases of cholera resulted (28) . In August of the same year, two east Texas residents who lived 40 miles (64 km) apart contracted cholera. In 1986, 18 cases of cholera in Louisiana and 1 case in Florida (Centers for Disease Control, Morbid. Mortal. Weekly Rep. 35:606-607, 1986) were identified. Each victim had eaten shrimp, crabs, or raw oysters within 5 days before the onset of symptoms. Excluding the 1986 isolates, which are currently being examined, 30 V. cholerae O1 isolates recovered from victims, which include a Maryland resident (6) who contracted cholera while vacationing in Cancun, Mexico, have been found to be the same O1 strain. These findings suggest that this organism has persisted along the coast of the Gulf of Mexico for at least 14 years (30, 42) .
Non-O1 V. cholerae serovars are recovered routinely from the estuarine environment (29, 38) , while by water and food contaminated with feces. Chronic V. cholerae O1 carriers and those with the acute disease play a pivotal role in perpetuating this cycle (2, 34) . Alternatively, even though O1 serovars are not routinely recovered from the environment in endemic areas between outbreaks, it has been proposed that the O1 serovar may be indigenous to the estuarine environment in a nonrecoverable state. V. cholerae O1 has been isolated from water in the Chesapeake Bay and the salt marshes in Louisiana (12) , as well as from oyster meat (51) and water in Florida (26) , in the absence of known cholera cases in the immediate area. Environmental conditions such as temperature, salinity, and nutrient levels may affect recoverability (3, 11, 46, 47, 49) . There was no correlation between the incidence of V. cholerae O1 and fecal coliform numbers in these samples.
Xu et al. (57) detected V. cholerae O1 in environmental enrichment broths by indirect immunofluorescence, although the organism was not recovered from these cultures by direct bacteriological culture techniques. They suggested that V. cholerae O1 serovars are autochthonous (11) to the estuarine environment and often go undetected by conventional bacteriological methods.
Polyclonal anti-O1 serum has been used in an indirect immunofluorescence procedure (17, 39) which anti-O1 sera were directed, reside in the polysaccharide portion of the lipopolysaccharide (LPS) of the outer membrane envelope (31, (35) (36) (37) Inc., Denver Pa.)-10 U of penicillin per ml-10 ,ug of streptomycin per ml. Portions of 50 ,ul were distributed to each well of a 96-well tissue culture plate which was seeded 24 h earlier with a thymocyte feeder layer. The plates were incubated at 37°C in an atmosphere of 7.5% C02 in air. Hybrid cells were selected by utilization of the hypoxanthine-aminopterin-thymidine selection system developed by Littlefield (32) , and hybridoma supernatant fluids were tested for antibody activity by ELISA for LPS. Hybridomas of interest were cloned by three successive limiting dilutions.
Production of MAbs. Selected hybridomas, which secreted LPS-specific MAbs, were grown in 200 ml of medium at 37°C in an atmosphere of 7.5% C02 in air for 1 week. MAbs of the immunoglobulin G (IgG) isotype were purified from culture fluid on a protein A-Sepharose CL-4B column (Pharmacia Biotechnology Products, Piscataway, N.J.) (15) , and IgM MAbs were concentrated from supernatant fluids by precipitation in saturated (NH4)2SO4 (43) .
Immunoglobulin isotyping. Each MAb was isotyped by ELISA by using a subisotyping kit and the directions of the manufacturer (HyClone Laboratories, Salt Lake City, Utah). Clones A6, A12, and A18 secreted IgG3; and clones A10, Al1, and A19 secreted IgM.
ELISA for LPS. The ELISA protocol used to identify MAb activity specific for V. cholerae O1 LPS was modified from the procedures described by Schreier et al. (43) (Fig. 1 ) against 37 V. cholerae O1 isolates, 52 V. cholerae non-O1 serovars, 20 heterologous Vibrio species, and the 37 organisms identified in Table 1 . Culture supernatants from clones A6 and A12 reacted with whole-cell preparations of each of the O1 isolates tested, including CA401 and 569B. Since the same culture fluids were tested in both the LPS and wholecell ELISA, the hot phenol-water extraction process may have rendered the LPS-associated A-antigen determinants serologically inactive ( Direct immunofluorescence. The second objective of this study was to assess the utility of Q1-specific MAb-FITC conjugates to stain V. cholerae Q1 cells; such reagents would be useful in the direct examination of clinical and environmental specimens. Anti-A antigen FITC conjugates prepared with each MAb were tested by direct immunofluorescence, and the staining quality was scored subjectively ( Table 4 ). The A12 MAb-FITC conjugate exhibited brilliant fluorescence with Ogawa cells and showed the red vibrio outlined brightly with green fluorescence (4+), while Inaba cells were clearly discernible but were not stained as brightly (2+). Conversely, the A19 MAb-FITC conjugate displayed good fluorescence activity with Inaba cells (3+), but stained Ogawa cells less intensely (1+). A mixture of the three anti-A antigen conjugates improved the overall staining intensity, producing 3+ and 4+ reactions with Inaba and Ogawa cells, respectively. To eliminate the potential lack of specificity A19 anti-A antigen might impart to the mixture, A6 and A12 were mixed separately and retested, but the staining intensity was not improved over that of each reagent tested alone. The A6 and A12 conjugates were tested against (25) observed microscopic agglutination within minutes following the addition of MAb anti-LPS to suspensions of live V. cholerae 01. Gustafsson (22) has suggested that inhibition of motility (immobilization) was caused by steric hindrance or an overload of antibody on the cell surface. Figures 2A and  B show whole-cell electron micrographs of V. cholerae 01 Inaba (14033) and Ogawa (CA411), respectively, stained with a mixture of anti-A antigen MAb and subsequently labeled with anti-mouse immunoglobulin-colloidal gold conjugate. The gold label, in addition to defining the vibrio cell morphology, also stained the flagellar sheath which shrouds the flagellar core protein. Naked, nonstained flagellar cores were evident on most micrographs, which suggested that the core protein was not reacted on. These observations support the suggestion made by Bhattacharyya and colleagues (4, 9) that the flagellar sheath which is contiguous with the outer membrane envelope expresses LPS 0-antigen determinants. The presence of O antigens in the flagellar sheath explains why anti-O antigen MAb promotes immobilization. The immunoelectron microscopy assay, a correlate of the indirect fluorescence procedure, also showed that anti-B antigen MAb Ail stained thin sections of Ogawa cells exclusively (Fig. 2D) and anti-C antigen MAb A18 stained Inaba thin sections solely, but not with the intensity displayed by anti-A antigen (Fig. 2C) .
DISCUSSION
The methods used to produce anti-O serum in rabbits and to identify serologically the cholera vibrios have not, until recently, been modified significantly since the report of Gruber and Durham (20) in 1896. In the intervening years the specificity of anti-Vibrio typing sera was questioned, first by Gardner and Venkatraman (18) , who determined that the nonspecific serological activity they detected in anti-OH sera produced against the six V. cholerae O groups resided with anti-H activity present in the typing serum. They found that all V. cholerae strains, independent of their 0-antigen group status, express common species-specific flagellar antigen(s). The absence of 01 specificity in aniti-O antigen serum raised in rabbits immunized with boiled or steamed V. cholerae cells continued to plague clinical microbiologists (8, 14, 15, 21, 56) .
Thomason and associates (50) examined the potential of the direct and indirect fluorescence procedures to identify salmonella in fecal smears, and they noted that one anti-O1 FITC conjugate stained Escherichia and Proteus strains. They concluded that the absence of serological specificity in the antisera they tested precluded fluorescence as an approach to the rapid identification of enteric pathogens in fecal smears. During a suspected cholera outbreak, it was observed (55) that anti-01 typing serum agglutinated Escherichia coli cells picked directly from a primary isolation plate. In response to this observation, Winkle et al. (55) conducted an exhaustive serological survey and reported that anti-V. cholerae 01 serum agglutinated, in optimal dilutions, Salmonella strains in O-group N and O-group X; Arizona O serotype 23; Citrobacter serotypes 9a, 9b, and 48; and Escherichia coli serotypes 0:43, 0:85, 0:104, 0:105, and 0:150. There also exists a considerable lack of specificity in typing sera that are used to discriminate serologically O serovars and serotypes in V. cholerae non-O1 (1, 7, 13, 40, 41, 44, 45, 48) . Each lot of polyclonal anti-O1 serum possesses its own unique cast of heterologous serological specificities (8, 13, 16, 17, 21, 39, 50, 55, 57) which probably reflect immune responses to the resident enteric flora and past infection experiences of the animal in which 0-typing sera were raised. It would be an awesome and redundant task to assess serologically each lot of typing sera to identify the heterologous organisms that are agglutinated and to remove unwanted agglutinins by absorption.
The objectives of studies done over the past 50 years seemed well-defined: to produce antiserum specific for the A antigen expressed by both the O1 serovars Inaba (A and C antigens) and Ogawa (A and B antigens) by immunizing rabbits with heat-killed, whole-cell vaccines of either serovar. Serotype-specific anti-Inaba and anti-Ogawa sera could be produced by reciprocal absorption. Anti-Inaba serum often fails to possess acceptable levels of activity, leading some to speculate that the Ogawa serovar might express A, B, and C antigens. Even though the dominant amino sugar in the A antigen has been identified as perosamine, with the amino group acylated with 3-deoxy-L-glycerotetronic acid (31, (35) (36) (37) , there exists no hard information as to the identity of the Inaba-specific C antigen or the Ogawa-specific B antigen.
MAbs which harbor specificity for the O1 antigen A, B, or C should circumvent the many inherent problems encountered when polyclonal O1 antiserum is used to identify, presumptively, colonies from primary isolation media or to detect the cholera vibrio directly in smears prepared from clinical or environmental specimens. Of the six anti-Ol MAbs we examined, A6 and A12 displayed serological specificity for V. cholerae O1 exclusively when tested by whole-cell ELISA (Fig. 1) . Anti-B antigen MAbs A10 and Al1 reacted solely with the Ogawa serovars, while anti-C antigen reacted with LPS extracted from Inaba serovars but not in whole-cell ELISA. Gustafsson and associates (22) (23) (24) used the sandwich ELISA and inhibition ELISA and concluded that the sensitivity of each procedure in detecting MAb activity was not diminished by using whole-cell antigen suspensions in lieu of LPS antigen.
Affinity-purified anti-A antigen MAbs produced by clones A6 and A12 agglutinated each of the 37 O1 isolates exclusively. A mixture of these two reagents increased the agglutination titer fivefold, with no detectable loss in specificity. A19 anti-A antigen MAb, however, reacted with five non-O1 serovars by whole-cell ELISA, and anti-C antigen failed to react with the Inaba serovars in the whole-cell ELISA assay. With the two exceptions noted, the results of slide agglutination paralleled the findings of the whole-cell ELISA in that four of the anti-O1 MAbs exhibited specificity for O1 serovars in the four serological assays that were used. Gustafsson (22) has reported that anti-LPS MAb in ascites fluid agglutinated O1 vibrios at titers which ranged from 1:20 to 1: 160, while we tested anti-LPS MAb affinity-purified from culture fluid, which may explain the low titers that we observed.
The A6 and A12 anti-A antigen MAb-FITC conjugates stained O1 vibrios exclusively and displayed bright fluorescence in which the morphology of the vibrios was readily discernible, while the 20 non-O1 and heterologous Vibrio species examined were not stained. Xu et al. (57) used both absorbed commercial anti-O1 serum and anti-O1 serum produced in rabbits immunized with O1 LPS-carrier conjugates (1) Anti-A antigen MAb purified from culture supernatants does not need to be absorbed to remove unknown heterologous specificities. Direct fluorescence also eliminates the requirement for a second antibody, usually polyclonal anti-immunoglobulin raised in rabbits or goats, which may harbor heterologous anti-O antigen activity for the reasons discussed above.
We envision the direct fluorescence assay, in which an O1-specific MAb-FITC conjugate is used, could be used to address the question of whether the V. cholerae El Tor Inaba, which emerges each August and September in Louisiana, is present in environmental samples throughout the year, even when it cannot be retrieved by bacteriological culture. Anti-A antigen MAb immobilized on latex beads could be used to capture the vibrio from water or homogenized seafood preparations percolated through the column (27) to facilitate culturing of the 01 vibrios. Finally, the MAb-FITC reagent permits reinvestigation into the utility of this reagent to detect cholera vibrios in direct fecal smears first pursued by Finkelstein and LeBrec (17) and abandoned by Thomason et al. (50) because polyclonal 01 sera produced nonspecific staining.
